We present predicted relations connecting pulsational (period and amplitude of pulsation) and evolutionary (mass, absolute magnitude and color) parameters, as based on a wide set of convective pulsating models of RR Lyrae stars with Z=0.001, Y =0.24 and mass and luminosity suitable for the "old" (age > 8 Gyr) variables observed in globular clusters. The relations are collated with sound constraints on the mass of pulsators, as inferred from up-to-date evolutionary models of horizontal branch stars, in order to provide a self-consistent theoretical framework for the analysis of observed variables. The theoretical predictions are tested through a detailed comparison with measurements of RR Lyrae stars in the globular cluster M3. We show that the predicted relations satisfy a variety of observed data, thus providing a pulsational route to the determination of accurate distances to RR Lyrae-rich globular clusters with intermediate metal content. We show that current uncertainties on the intrinsic luminosity of up-to-date horizontal branch models, as due to the input physics used in the computations by the different authors, have a quite low influence (∼ 0.02-0.03 mag) on the pulsational distance modulus. On the contrary, the effect of the different bolometric corrections adopted to convert bolometric luminosity into absolute magnitude is of the order of ∼ 0.05-0.06 mag. The pulsation models are also used to perform some valuable tests on the physics adopted in current stellar evolution computations. We show that the constraints inferred by pulsation theory support the large value of the mixing-length parameter (l/H p =1.9-2.0) adopted to fit observed Red Giant Branches, but, at the same time, they would yield that the luminosity of the horizontal branch updated models is too bright by ∼ 0.08±0.05 mag, if helium and metal diffusion is neglected. Conversely, if element diffusion is properly taken into account, then
As for the theoretical studies based on HB models, all recent computations that adopt up-to-date physics suggest absolute magnitudes which are somehow brighter than empirical estimates, at fixed [Fe/H] . However, evolutionary predictions themselves, as provided by the various researchers, still suggest significant discrepant (both in the zero-point and the slope) M V (RR)- [Fe/H] relations (see VDB; Caputo et al. 2000 and references therein). On this issue, it should be noted that HB evolutionary models provide a relation between the bolometric luminosity L and the overall metallicity Z. Thus, any comparison among the various evolutionary predicted M V (RR)- [Fe/H] relations is affected by two factors of critical importance: a) the conversion of bolometric luminosity and effective temperature into magnitude and color, i.e. the adopted bolometric correction and temperature-color transformation, and b) the scaling between the theoretical Z and the measured [Fe/H] value, i.e. the adopted ratio between α-elements and iron. These factors are still more important when theoretical predictions are compared with observed quantities. In addition, we wish also to mention that the constraints inferred by evolutionary models refer to "static" stars, whereas the RR Lyrae observed magnitudes are "mean" quantities averaged over the pulsation cycle, which not necessarily are exactly alike static values.
In this context, it is of great help to consider simultaneously the double nature of RR Lyrae stars -from one side, radial pulsators, from the other one, low-mass (M ≤ 0.85M ⊙ ) He-burning stars -since the pulsational quantities (i.e. period and amplitude of pulsation) depend on the star structural parameters (mass, luminosity and effective temperature), and are firm and safe observables as well, fully independent of distance and reddening.
On this ground, we planned to construct an exhaustive and homogeneous theoretical framework, both on the pulsational and the evolutionary side, aiming at a sound analysis of observed RR Lyrae stars at various metal contents (see , Paper I, for the observational scenario of variables in Galactic globular clusters). Extensive sets of nonlinear convective pulsation models (Di Criscienzo, Marconi & Caputo 2003, Paper III, in preparation) and HB evolutionary tracks (Cassisi, Castellani, Caputo & Castellani 2003, Paper IV, in preparation) are computed using the same input physics. Then, adopting similar bolometric corrections and color-temperature transformations, self-consistent predictions concerning various stellar parameters are derived.
The general procedure is discussed in the present paper, which deals with the results at Z=0.001 and Y =0.24. We selected this metal content as suitable for the analysis of several RR Lyrae rich globular clusters, in particular M3 which is the most RR Lyrae rich cluster in the Galaxy and among the best studied ones. The organization of the paper is as follows: Section 2 presents the pulsation models and gives the relevant relations among the various parameters, while the constraints from stellar evolution theory are discussed in Section 3.
4
The comparison with available BV K photometry of RR Lyrae variables in M3 is presented in Section 4. Discussion and some brief remarks close the paper.
Theoretical pulsational scenario

Pulsation models
The nonlinear convective hydrodynamical code used for pulsation model computations has been already described in a series of papers (see, e.g., Bono & Stellingwerf 1994; Bono et al. 1997a,b ) and it will not be discussed further. We wish only to mention that the models adopt recent opacity compilations by Iglesias & Rogers (1996) for temperatures higher than 10,000 K and by Alexander & Ferguson (1994) for lower temperatures. As in previous papers, a mixing length parameter l/H p =1.5 is adopted in order to close the system of convective and dynamic equations. However, to gain some insight into how the boundaries for instability are dependent on convection (see Caputo et al. 2000) , additional models with l/H p =2.0 are computed, also in view of the values for the mixing length parameter recently used in HB model computations (see Sect. 3).
For the pulsation models with Z=0.001, we adopt two masses (M=0.65 and 0.75M ⊙ ) and three luminosity levels (logL/L ⊙ =1.51, 1.61, 1.72) in order to explore the dependence on the stellar mass and luminosity. For each given set of entry parameters, the computations are performed by decreasing the effective temperature T e by steps of 100-200 K. In the following, we refer to the results from the first (bluest) pulsating model to the last (reddest) one. Let us be clearly understood that increasing (decreasing) by 100 K the effective temperature of the bluest (reddest) pulsators yields non-pulsating structures.
Since the adopted nonlinear approach supplies not only the pulsation period, but also the luminosity variation along the whole pulsation cycle, the bolometric light curves are transformed into the observational plane by adopting bolometric corrections and temperature-color transformations provided by Castelli, Gratton & Kurucz (1997a,b, hereafter CGKa,b) . In this way, amplitudes and mean absolute magnitudes, either intensity-weighted and magnitude-weighted, are derived in the various photometric bands. Table 1 lists selected results 3 for fundamental (F) pulsators with 0.65M ⊙ , logL/L ⊙ =1.61 and l/H p =1.5. For each given effective temperature, we give the static magnitude, i.e. the value the star would have were it not pulsating, the period P (in days), mean intensity-weighted < M i > and magnitude-weighted (M i ) magnitudes, and amplitudes A i . Table 2 has the same meaning, but holds for first-overtone (FO) pulsators.
As well known since the original Ritter's formulation P ρ 1/2 =Q (ρ is the star density and Q the pulsation constant), the basic physics underlying radial variability suggests that the pulsation period depends on the mass, luminosity and effective temperature of pulsators. Linear interpolation among all our data supplies a refined version of earlier pulsation equations (see, e.g., van Albada & Baker 1971 , Bono et al. 1997a , as given by log P F = 11.066(±0.002) + 0.832 log L − 0.650 log M − 3.363 log T e (1a)
where luminosity L and mass M are in solar units. According to our models, the period of FO pulsators can be "fundamentalized" as logP F −logP F O ∼ 0.13, on average, or with the more punctual relation logP F =0.147+1.033logP F O , neglecting the weak dependence on mass and luminosity which plays a significant role only when dealing with double mode pulsators.
The natural outcome of the pulsation equation in the observational plane is the Period-Magnitude-Color (P MC) relation in which the pulsation period, for any given mass, is correlated with the pulsator absolute magnitude and color. Using BV static quantities 4 , linear interpolation through the results (see Fig. 1 ) gives
According to the predicted P MC relations, for a sample of RR Lyrae stars at the same distance and with the same reddening, e.g. for variables in a given globular cluster with no differential reddening, one could estimate the mass range spanned by the variables with an uncertainty lower than 2%, once periods and static colors are firmly known. If the cluster distance modulus and reddening are independently determined, then the mass absolute values can be inferred too. Alternatively, once period and color are measured, the relations can be used to get the distance to individual RR Lyrae stars with known mass and reddening.
Let us now consider the quite plain correlation between the absolute magnitude in a given i-band and luminosity, M i = −2.5logL+BC i , where the bolometric correction BC i depends on the star effective temperature, mass and luminosity. Since also the pulsation period is governed [see eqs. (1a) and (1b)] by the effective temperature, mass and luminosity, the absolute magnitude M i of radial pulsating stars is expected to be a function of mass, luminosity and period. It is obvious that the dependence of M i on mass, luminosity and period is governed by the dependence of BC i on the effective temperature.
We show in Fig. 2 (symbols as in Fig. 1 ) the quite different dependence of visual and near-infrared static absolute magnitudes on the pulsation period. For any given mass and luminosity, an increase of T e yields shorter periods, while M V becomes slowly brighter and M K significantly fainter. On the other hand, if increasing the luminosity at constant mass and effective temperature, the period increases and both M V and M K become brighter. In summary, one has a sort of degeneracy (see the arrows in the lower panel in Fig. 2 ) between the luminosity and effective temperature effects on M K . As a result, for fixed period, M V depends mainly on luminosity, with a negligible dependence on the mass, whereas M K shows small but non negligible variations both with luminosity and mass (see also Bono et al. 2001 Bono et al. , 2003 . According to present models, the predicted period-magnitude relations in the visual (P M V ) and near-infrared bandpass (P M K ) are 
and
The importance of the RR Lyrae near-infrared P M K relation to get accurate distances to globular clusters has already been discussed by several authors (see Bono et al. 2001 and references therein) and it will not be discussed further. It is enough to mention that near-infrared magnitudes are very little affected by reddening and that adopting for the RR Lyrae stars in a given globular cluster, that is for variables at constant age and metal content, a luminosity dispersion of δ logL ∼ ± 0.06 and a mass spread 5 of ±3%, yields a dispersion δM V ∼ ± 0.17 mag and δM K ∼ ± 0.05 mag, at fixed period.
The instability strip
All the relations described in the previous section originate from the pulsation equation which formally fixes the pulsation period for any given combination of the entry parameters (M, L, T e ). However, it is well known that radial pulsation occurs in a quite well-defined region of the HR diagram, the so-named "instability strip", that depends on the type of pulsation and the intrinsic parameters of pulsators. In simple words, pulsation does not occur for any combination of M, L and T e . For each given mass and luminosity there is a maximum and minimum effective temperature for the onset of either fundamental and first-overtone pulsation.
As already known, the data in Tables 1 and 2 , as those presented in previous papers (see, e.g., Bono, Caputo & Marconi 1995a , Bono et al. 1997a ,b, Caputo et al. 2000 show that, for fixed mass and luminosity, FO pulsators are generally bluer than F pulsators, in full agreement with the observed behavior of c-type and ab-type RR Lyrae stars. This yields that the first-overtone blue edge (FOBE) and the fundamental red edge (FRE) can be taken as limits of the whole instability strip. Moreover, the models show that the fundamental pulsation blue edge (FBE) is generally bluer than the first-overtone red edge (FORE), suggesting that both the pulsation modes can be stable in a middle region of the instability region. Such a result supports the hypothesis that the transition between ab and c type RR Lyrae stars may occur along different transitions (FBE or FORE), as well as that a hysteresis mechanism, as earlier suggested by van Albada & Baker (1973) , could explain the Oosterhoff dichotomy (see, e.g., Bono et al. 1995a , Bono et al. 1997a for details).
Given the steps of 100 K in our computations, we adopt as edges of the pulsation region the effective temperature of the bluest FO model and of the reddest F model, increased and decreased by 50K, respectively. Then, linear interpolation to all the data with Z=0.001 and l/H p =1.5 gives the following relations log T 
where the uncertainties include the intrinsic uncertainty of ±50K on the FOBE and FRE temperatures.
Before proceeding, it is worth mentioning that a further source of uncertainty on the pulsation limits is due to the efficiency of convection in the star external layers. As the depth of convection increases from high to low effective temperature, and the effect of convection is to quench pulsation, we expect that varying the value of the mixing length parameter will modify the red edge of the instability strip by a larger amount with respect to the blue edge. Model computations made with l/H p =2.0 show that, at constant mass and luminosity, the FOBE temperature decreases by ∼ 100 K, whereas those at FBE and FRE increase by ∼ 100 K and ∼ 300 K, respectively. As a consequence, at l/H p =2.0 the zero-point in eq. (5) and eq. (6) varies by −0.006 and +0.020, respectively. Note that the knowledge of FOBE and FRE effective temperatures is basic to select variable and non variable stars in synthetic HB populations (see Sect. 3.2) For comparison with observed RR Lyrae stars, of particular interest (see Caputo 1997; Caputo et al. 2000) is the location of the pulsation theoretical edges in the magnitude-period and color-period diagrams. From present models at Z=0.001 and l/H p =1.5, and adopting CGKa,b atmosphere models, we derive
where the uncertainties include the intrinsic ±50 K uncertainty on the FOBE and FRE temperatures. As a consequence of the above mentioned effects of a larger mixing-length parameter on the FOBE and FRE effective temperatures, adopting l/H p =2.0 the zero-point in eq. (7) and eq. (8) varies by ∼ +0.05 mag and ∼ −0.14 mag, respectively, while in eq. (9) and eq. (10) by ∼ +0.02 mag and ∼ −0.06 mag, respectively.
Pulsation amplitudes
We have already mentioned that the non-linear approach supplies important clues on a further observable: the pulsation amplitude. A glance at the data in Table 1 and  Table 2 (see also Bono et al. 1997a) shows that, for fixed mass and luminosity, there is a direct correlation between fundamental amplitude and effective temperature: the amplitude increases when moving from the red to the blue limit for fundamental pulsation, that is as the period decreases. As for FO pulsators, they show a characteristic "bell" shaped distribution, with the maximum amplitude attained in the middle of the first-overtone region. As a whole, these theoretical features appear consistent with observed RR Lyrae period-amplitude diagrams, usually named "Bailey diagrams" after their inventor (Bailey 1899 (Bailey , 1902 .
Taking advantage of the quite linear correlation between fundamental amplitude and period (logarithmic scale), we show in the left panel of Fig. 3 the A V -logP distribution of F pulsators at l/H p =1.5 and different mass and luminosity (symbols as in Fig. 1 ). One has that, for fixed period, the amplitude decreases as the luminosity decreases or, by a rather small amount, as the mass increases. As a whole, we show in the right panel in Fig. 3 that all the results with l/H p =1.5 (filled circles) can be approximated with the linear relation (solid line)
However, we wish to remark that the fundamental pulsation amplitude is not "governed" by the absolute value of the effective temperature, but it depends on the "relative" location of the pulsator with respect to the red limit (where vanishing amplitudes are attained) and blue limit (where the amplitude reaches it maximum value) of fundamental pulsation (see also Bono et al. 1997a) . As a matter of example, the visual amplitude of the 0.65M ⊙ pulsator with T e =6500 K increases from A V =0.77 to 1.05 mag as the luminosity increases from logL/L ⊙ =1.51 to 1.72. It follows that the above described effects of a larger mixing-length parameter on the effective temperature of the fundamental pulsation limits will modify both the zero-point and the slope of the predicted Period-Magnitude-Amplitude (P MA) relation. As a fact, the right panel in Fig. 3 shows that the results with l/H p =2.0 (open circles) can be approximated as (dotted line)
Closing this section on the pulsation amplitude, we present in the left panel in Fig.  4 the relation between visual amplitude A V and static BV color for F pulsators with l/H p =1.5 (symbols as in Fig. 1 ). One derives that, at least in the explored range of mass and luminosity, all the results can be approximated with a common Color-Amplitude (CA BV ) relation, as given by (see the solid line in the right panel)
However, for the reasons above discussed, also the CA BV relation turns out to depend on the adopted mixing-length parameter, becoming
at l/H p =2.0 (see the dotted line in the right panel).
According to the predicted CA BV relation, the intrinsic BV color of individual pulsators can be estimated within ±0.02 mag, which means a similar accuracy in the knowledge of the reddening E(B − V ) and a determination of the visual extinction correction A(V) within ∼ ± 0.06 mag. This might be of particular relevance in the case of RR Lyrae variables in globular clusters, or stellar fields, with highly differential reddening.
Static and mean magnitudes
All the relations presented so far, although involving observable quantities such as magnitude and color, cannot be straightaway applied to observed RR Lyrae variables because they hold for static values whereas empirical measurements refer to quantities averaged over the pulsation cycle.
From the data listed in Table 1 one finds that the synthetic mean magnitudes (M i ) of fundamental pulsators, as derived averaging the magnitude over the cycle, are fainter than the corresponding static values with a discrepancy increasing as the pulsation amplitude increases. The key element governing such a behavior is the overall morphology of the light curve in the sense that the difference between static and mean magnitudes increases from symmetric (low amplitude) to asymmetric (high amplitude) light curves, namely moving from the red to the blue fundamental edge (see also Bono, Caputo, Stellingwerf 1995b) . Since at fixed effective temperature the amplitude decreases from blue to visual to infrared, the difference between static and mean values for K magnitudes is almost negligible, whereas (M B ), (M V ) and (M I ) differ from the corresponding static values up to ∼ 0.18 mag, ∼ 0.14 mag, and ∼ 0.08 mag, respectively, at A V =1.6 mag. As for FO pulsators (data in Table 2 ), the discrepancy is less pronounced, given their low-amplitude and quite symmetric light curves. Note that present synthetic magnitudes confirm previous BV K results inferred by Bono et al. (1995b) from a preliminary set of pulsating models with Z=0.001, but adopting Y =0.30, older opacity tables (Cox & Tabor 1976) and Kurucz (1992) stellar atmosphere models.
Concerning the intensity-averaged magnitudes < M i >, data in Table 1 and Table 2 confirm that they are quite close to the static values, except for models with very large amplitude.
In Fig. 5 we show the synthetic visual magnitudes for F and FO pulsators, by plotting the discrepancy between static and mean values, as well as the internal difference between the two means, as a function of the visual amplitude A V . It is quite relevant to notice that the predicted differences (M V )− < M V >, as well as the corresponding rather insignificant amounts inferred from Table 1 and Table 2 for the K-band, are in close agreement with observed differences (V )− < V > and (K)− < K >, as reported in previous studies on RR Lyrae stars (e.g. Fernley 1993 ).
As for the mean colors m i − m j which are usually estimated using either (m i ) − (m j ) or < m i > − < m j >, since most of empirical work on RR Lyrae stars refers to B and V magnitude, we show in Fig. 6 the predicted discrepancy between static and mean B − V color, as well as the difference between the two means (M B − M V ) and < M B > − < M V >. At variance with the behavior shown in Fig. 5 , one has that the (M B − M V ) color is redder, whereas < M B > − < M V > is bluer, than the static color. The evidence for a positive difference between predicted (M B − M V ) and < M B > − < M V >, with an amount that increases with A V , agrees with quite well settled observed trends (see, e.g. Liu & Janes 1990; Storm, Carney & Beck 1991; Carney et al. 1992 , Caputo et al. 1999 ).
According to the data presented in Fig. 5 and Fig. 6 , mean magnitudes and colors can be corrected for the amplitude effect to get static values (see also Bono et al. 1995b ). However, given the different behavior of M i − (M i ) and M i − < M i > with the amplitude, we find that static BV magnitudes can be directly estimated when both the mean quantities are measured. In particular, either for F and FO pulsators, we derive that static BV values (see Table 2 for the other bands) can be approximated as
with an intrinsic uncertainty of ±0.01 mag.
The evolutionary connection
At the beginning of this paper we mentioned that the "theoretical route" to the calibration of the M V (RR) versus [Fe/H] relation, as inferred by HB evolutionary models, suggests brighter magnitudes than empirical estimates, at fixed [Fe/H] . Unfortunately, even the amount of this over-luminosity is still matter of controversy.
For the sake of the following discussion, let us briefly summarize the basic ingredients which are needed for a reliable "theoretical route":
1. Trustworthy HB models computed with the most recent updating of the relevant physics.
2. Synthetic HB simulations (SHB) in order to estimate the evolutionary effects and the role of different HB populations. It is known that, due to somehow different input physics, current updated HB models still provide slightly different luminosity values (see, e.g., . Moreover, different bolometric corrections, as well as different assumptions concerning the value of the overabundance of α-elements with respect to iron, are used by the various researchers. We add that sometimes, in order to account for the luminosity of actual (evolved) pulsators, the zero age horizontal branch (ZAHB) luminosity at the RR Lyrae instability strip is artificially increased, by a fixed quantity or as a function of metallicity, instead of making use of SHB results.
Within such a complex scenario, it is of primary importance to carefully investigate into current uncertainties of HB models. This will be done in the following section where the HB models at Z=0.001 ([α/Fe=0]) computed by Cassisi et al. (2003, in preparation, hereafter C03) , are compared with VDB results.
The zero age horizontal branch
According to a very common procedure, ZAHB stars are investigated starting from stellar structures with the same mass of the He core and the same chemical composition of the stellar envelope as in the RG progenitor at the He ignition, but with an increased abundance of Carbon in the He core by about 5% by mass as a result of the flash. The mass of the H-rich envelope and, thus, the total mass of the model are regarded as a free parameter governed by the unknown amount of mass loss. A reliable ZAHB model is eventually obtained by evolving such an initial structure for about 1 Myr to allow equilibrium of CNO elements in the H burning shell (see, e.g., Caputo, Castellani & Wood 1978 , Caputo, Castellani & Tornambe' 1978 , Castellani, Chieffi & Pulone 1991 .
The C03 horizontal branch models used in this paper implement previous calculations presented by Cassisi et al. (1999) and Caputo & Cassisi (2002) and will not discussed here. Of importance is that both C03 and VDB models adopt quite similar values for the mixing length parameter (l/H p =2.0 and 1.9, respectively), no helium and heavy element diffusion, and can be taken as representative of the range in absolute magnitude spanned by recent HB evolutionary calculations with updated input physics. From the comparison of models at fixed effective temperature, one finds evidence for three main points:
1. C03 models are brighter by δlogL ∼ 0.01 dex;
2. C03 models are more massive by ∼ 0.02M ⊙ ; 3. increasing [α/Fe] up to 0.3, which is the mean value estimated for globular cluster stars with [Fe/H]< −0.6 (see Carney 1996) , leaves quite unvaried the value of mass and luminosity. In other words, at least in the range of RR Lyrae effective temperature and with no significantly large [α/Fe] values, either the mass and the luminosity of pulsators are expected to depend on the overall metallicity Z, quite independently of the internal ratio between α and heavy elements (see also Salaris, Chieffi & Straniero 1993) .
As a first step, in order to gain some insight into the predicted distribution of ZAHB pulsators, we evaluate for each model the predicted FOBE and FRE, by inserting the mass and luminosity of the model into eq. (5) and eq. (6), respectively, but with a modified zero-point accounting for the mixing length parameter adopted in the quoted evolutionary computations. In this way, synthetic ZAHB pulsators are easily identified with the models for which holds FOBE ≥ logT e ≥ FRE.
As shown in Fig. 8 for C03 computations, one derives that the mass of predicted ZAHB pulsators with Z=0.001 should vary from ∼ 0.65 (FOBE) to ∼ 0.67M ⊙ (FRE), and accordingly the luminosity increases from logL/L ⊙ =1.67 to 1.69. As for VDB ZAHB models, we get mass in the range of ∼ 0.63 to 0.65M ⊙ and luminosity from logL/L ⊙ =1.66 to 1.68. It is worth mentioning that, since mass and luminosity vary in the same direction, both sets of computations turn out to agree each other as the effective temperature and the period of ZAHB pulsators are concerned. We estimate that the effective temperature of ZAHB pulsators varies from logT e ∼ 3.85 (FOBE) to ∼ 3.79 (FRE), while the predicted periods at the edges of the instability strip are logP 
Post ZAHB evolution and synthetic HB
Since the first pioneering work by Rood (1973) , the major way of interpreting the properties of observed HB and RR Lyrae stars deals with synthetic horizontal branches (SHB) constructed on the basis of HB evolutionary tracks. The literature of the last three decades is rather abundant (readers are referred to Ferraro et al. (1999) , Demarque et al. (2000) and references therein). However, until now we have no knowledge of synthetic simulations as based on either recent up-to-date HB models and pulsation theory (i.e. nonlinear, convective models). For this reason, an atlas of SHBs with various metal content has been planned (Paper IV) with the purpose to determine a series of parameters (HB morphology, RR Lyrae luminosity, period distribution, etc) which are needed to realistic discussion of observed HB and RR Lyrae stars in globular clusters.
Figures 9 and 10 illustrate the results of two of these SHBs at Z=0.001: specifically, those adopting a total number of HB stars N(HB)=400, a mean mass of HB stars M(HB)=0.65 and 0.69M ⊙ , and a mass dispersion factor by 0.02M ⊙ (see Demarque et al. 2000) . Following the procedure described for ZAHB models, synthetic HB stars hotter (cooler) than their predicted FOBE (FRE) are taken as blue (red) stable stars, while those with FOBE≥ logT e ≥ FRE are identified as pulsating structures. In this way, the predicted numbers of blue (B), variable (V) and red (R) stars are derived, leading to the (B-R)/(B+V+R) ratio (Lee 1990 ) labelled in the two panels. In the figures, the solid line is the ZAHB, while the dashed vertical ones depict the predicted edges of the RR Lyrae instability strip.
Besides the well known correlation between the average mass M(HB) and the HB morphology (lower is the mean mass of HB stars bluer their color distribution, everything else being constant), we should mark three points:
1. synthetic pulsators are brighter and, on average, slightly more massive than ZAHB ones. Note that the brightest stars populating the RR Lyrae instability strip are also the less massive ones;
2. the lower envelope of the evolved star luminosities is slightly brighter than the ZAHB luminosity level (see also Ferraro et al. 1999) . Note that this may depend on the above definition of "ZAHB" (Sect. 3.1.);
3. the average mass of the variable stars is quite constant, < M(RR) >=0.67±0.02M ⊙ , in the quoted range of M(HB) and (B-R)/(B+V+R) ratio. We show in Table 4 that, as long as the fraction of variables is statistically significant [V/(B+V+R)≥0.20], the above value for the pulsator average mass holds for (B-R)/(B+V+R) ratio in the range of ∼+0.55 to ∼ −0.45, whereas for bluer or redder HB distributions the SHB results suggest < M(RR) >=0.66±0.02M ⊙ and 0.68±0.02M ⊙ , respectively. With small numbers of variables, i.e. very blue or very red HB distributions, no statistically reliable information on the average mass < M(RR) > can be derived.
Let us now investigate the distribution of the synthetic HB pulsators, namely of the evolved stellar structures satisfying the condition FOBE ≥ logT e ≥ FRE, in the M V -logP plane. We present the case at M(HB)=0.67M ⊙ (HB index ∼ 0.10, as observed in M3), but quite similar results are obtained with M(HB)=0.65 and 0.69M ⊙ . As already mentioned, we adopt CGKa,b bolometric corrections.
The left panel in Fig. 11 deals with the short-period side of synthetic first overtone pulsators [periods from eq. (1b)]. The solid line is the resulting FOBE of the synthetic distribution (see the labelled relation), while the dashed lines depict its intrinsic dispersion [see eq. (5)] of ± 0.034 mag. In the right panel, which refers to the long-period side of fundamental periods [periods from eq. (1a)], the solid and dashed lines depict the predicted FRE (see labelled relation) and its intrinsic uncertainty by ± 0.04 mag [see eq. (6)], respectively. The horizontal line drawn in the two panels depicts the lower envelope magnitude M V,le =0.55 mag of the synthetic pulsator distribution.
A question that should be soon asked is "how far the above predictions on the FOBE and FRE of evolved pulsators are model-dependent?". Bearing in mind the main differences between C03 and VDB models (see Fig. 7 ), we have generated "VDB-like" synthetic populations by simply decreasing mass and luminosity of our HB models by 0.02M ⊙ and 0.01 dex, respectively, and maintaining CGKa,b bolometric corrections. As a result, we get that either FOBE and FRE magnitudes should be increased by ∼ 0.03 mag, at fixed period, as well as that the absolute magnitude of the lower envelope is M V,le =0.58 mag.
The RR Lyrae population in M3
We are now in the position to undertake an exhaustive comparison between the pulsational predictions presented in the previous sections and the observed properties of RR Lyrae stars in M3. Taking advantage of the extensive set of BV photometric data provided by Corwin & Carney (2001) , we select 6 a fiducial sample of variables with quite well-measured periods, mean magnitudes and amplitudes. In the following discussion, we will adopt E(B − V )=0. Figure 12 shows the variables (different pulsation modes follow Corwin & Carney (2001) classification) plotted in the color-magnitude diagram, according to magnitude-averaged (upper panel) and intensity-averaged (lower panel) quantities. As a matter of reference, we draw a line at V =15.8 mag. At first sight, the ab-type magnitude plotted in the upper panel are on average fainter than in the lower panel. Moreover, the magnitude-averaged color of the bluest ab-type variables, is evidently redder than the intensity-averaged one. As an example, V77 shows (B − V )= 0.279 mag and < B > − < V >=0.223 mag.
And indeed, we show in Fig. 13 that, with the only exception of variable V82 (filled triangle), the behavior of the measured difference between the empirical mean quantities follows the predictions presented in Fig. 5 and Fig. 6 faithfully. On this ground, eq. (15) and eq. (16) are used to get static magnitudes and colors, with an error of ± 0.01 mag, giving us the opportunity to compare the predictions presented in the previous sections with observed data.
Let us firstly consider the predicted relations which are independent, or slightly dependent, of mass and luminosity. Figure 14 shows the visual amplitude of ab-type variables in M3 as a function of the static B − V color, in comparison with the predicted CA BV relations at l/H p =1.5 (solid line) and 2.0 (dotted line). Bearing in mind the intrinsic dispersion (± 0.02 mag in color, at fixed amplitude) of the predicted relations, and allowing for photometric errors, the agreement between theory and observations is reasonably good, disclosing also a quite interesting feature: at the larger amplitudes, the observed data are not allowing a firm choice between the two adopted values of the mixing-length parameter, but moving towards redder colors the measured amplitudes are clearly pointing to l/H p =2.0. 6 Variables with Blashko effect, blend or less precise periods are excluded. Figure 15 shows the RR Lyrae stars in M3 (symbols as in Fig. 12 ) plotted in the B − V versus period diagram, in comparison with the predicted FOBE [eq. (9)] and FRE [eq. (10)] at l/H p =1.5 (solid line) and 2.0 (dotted line). As for the mass of the variables, we adopt the value < M(RR) >=0.67±0.02M ⊙ suggested by the SHB results presented in Fig. 9 , bearing in mind that the color of the predicted edges depends very little on the mass. Taking into account the intrinsic uncertainty (± 0.02 mag) of the predicted color at fixed period, the data plotted in Fig. 15 show that the reddest ab-type variables closely match the predicted FRE with l/H p =2.0, excluding the case l/H p =1.5, unless a negative reddening is adopted.
a) The Color-Amplitude relation
b) The Color-Period diagram
Concerning the bluest c-type variables, excluding V177 and V178, they are in a marginal agreement with the theoretical FOBE with l/H p =1.5, whereas the case l/H p =2.0 appears significantly too red. As for the location of V177 and V178, one has three possible choices, provided that the measured color is correct: 1) the variables are not bona fide FO pulsators (second overtones ?); 2) the variables are dramatically more massive (∼ 50%) than the bulk of M3 variables [see eq. (9)]; 3) the actual FOBE is bluer than predicted with l/H p =1.5. As for the last case, we estimate that adopting a mixing-length parameter l/H p ∼ 1.1 will move blueward the FOBE (see Caputo et al. 2000) by the needed shift ∼ 0.02 mag, at fixed period.
Let us now proceed with predicted relations involving mass and luminosity of the variables, beginning with those which are independent of the edges of the instability strip, and then of the adopted mixing-length parameter.
c) Period-Magnitude-Color relation
According to eq. (2a) and eq. (2b), one may constrain the mass of RR Lyrae stars for each given assumption on the distance modulus DM or, alternatively, one can derive the distance modulus for each given value of the mass.
Adopting two alternative values for the cluster distance modulus, DM=14.9 and 15.2 mag, taken as roughly representative of the range of current estimates (see Saad & Lee 2001) , we show in Fig. 16 the reduced fundamentalized period (logP F +0.34M V ) of RR Lyrae stars in M3 (symbols as in Fig. 12 ) as a function of the static B − V color. As a whole, the data reasonably follow the predicted slope at constant mass (solid line), even though the observations would suggest a slope of 1.05 which is less than the predicted one. It seems of interest to note that previous simulations (Rood 1990 ) do show that observational color errors do make the observed slope less than the theoretical one.
According to the predicted relations, increasing DM from 14.9 to 15.2 mag, the average mass of RR Lyrae stars increases from ∼ 0.54 to 0.77M ⊙ , largely encompassing the value < M(RR) >=0.67±0.02M ⊙ suggested by the SHB results presented in Fig.  9 . As a fact, if the evolutionary mass is adopted, then the resulting distance modulus is DM(P MC)=15.09±0.08 mag.
As a fact, if the evolutionary mass is adopted, then the resulting distance modulus is DM(P MC)=15.09±0.08 mag.
Interesting enough, inspection of Fig. 16 shows that the reduced period of V177 and V178 is longer with respect to the general behavior of M3 c-type variables. According to eq. (2b), this difference should suggest that the mass of these variables is smaller (∼ 20%) than the remaining c-type stars, at variance with the mass variation we needed in Fig. 15 to bring their color in agreement with the predicted FOBE. On the other hand, if a decrease of the mixing-length parameter can be invoked in Fig. 15 to move blueward the predicted FOBE, this is without significance for what the P MC relation is concerned. Furthermore, we could also exclude that these variables are second-overtone pulsators since in such a case one expects shorter periods than first-overtone pulsation, at fixed color (i.e. T e ). In conclusion, the pulsation models would suggest that the measured color of V177 and V178 should be increased by ∼ 0.03 mag, as required by both the FOBE location and the P MC relation.
d) Near-infrared period-magnitude relation
Proceeding in our analysis, we compare measured K magnitudes of RR Lyrae stars in M3 with the predicted near-infrared period-magnitude relation. Using Longmore at al. (1990) near-infrared photometry and fundamentalized periods, we show in Fig. 17 that the data arrange quite well along the predicted slope at constant mass and luminosity (solid line). Since the predicted M K magnitude is slightly dependent on the intrinsic luminosity (see lower panel in Fig. 2) , we adopt logL=1.75±0.15 as a quite safe luminosity range for RR Lyrae with Z=0.001. Then, taking again < M(RR) >=0.67±0.02M ⊙ , we derive DM(P M K )=15.08±0.06 which is very close to the P MC result.
e) Period-magnitude-amplitude relation
As a further independent method to estimate the distance modulus, let us consider the period-magnitude-amplitude (P MA) of fundamental pulsators. Note that now one has different results, depending on the mixing-length parameter [see eq. (13) and eq. (14)], for each given mass. Adopting again < M(RR) >=0.67±0.02M ⊙ , we shown in Fig. 18 that fitting observed data to the predicted P MA relations with l/H p =1.5 (left panel) and l/H p =2.0 (right panel) yields DM(P MA)=14.98±0.08 mag and 15.09±0.07 mag, respectively. Figure 19 finally illustrates the comparison between the observed distribution of RR Lyrae stars in the V -logP plane and the predicted edges of the instability strip, as inferred by SHB simulations with l/H p =2.0 (see Fig. 11 ). One has that a nice agreement between predictions and observations is attained adopting DM=15.04 mag, even though the period of a couple of c-type variables turns out be slightly shorter than the predicted limit. On the other hand, if the distance modulus is slightly decreased (DM=15.0 mag) in order to leave no c-type variables in the hot stable region, then a few ab-type variables would have slightly longer period than the predicted FRE.
f ) Edges of the instability strip
As far a decrease of the adopted mixing-length parameter is concerned, one has to consider that at l/H p =1.5 the predicted edges becomes brighter by 0.05 mag (FOBE) and fainter than 0.14 mag (FRE), at constant period. As a consequence, a distance modulus DM=15.05 mag is the right value to fit the observed distribution of c-type variables, whereas ab-type variables would require DM=14.90 mag.
We summarize in Table 4 the distance moduli inferred by the different pulsational methods discussed so far. One can conclude that the assumption l/H p =1.5 yields rather discordant results, while a quite close agreement among the various approaches is reached with l/H p =2.0. However, we have shown in Fig. 15 that adopting such a large value of the mixing-length parameter the predicted FRE fully accounts for the observed colors of ab-type variables, whereas the predicted FOBE is too red in comparison with the observed colors of c-type variables. On this issue, it seems interesting to mention a recent paper by dealing with the comparison of observed light curves of bump Cepheids in the Large Magellanic Cloud with theoretical predictions. In that paper it is shown that for short-period variables a nice agreement is attained with l/H p =1.5, whereas long-period Cepheids, which are located close to the red edge of the pulsation region, require a higher value (l/H p =1.8), suggesting that the mixing-length parameter increases when the effective temperature decreases, and the convective layer becomes thicker.
Eventually, we adopt that the mixing-length parameter increases from FOBE (l/H p =1.5) to FRE (l/H p =2.0). As a result, we derive that the pulsational distance modulus of M3, as given by the weighted mean over the data listed in Table 4 , is DM=15.07±0.05 mag, at least adopting RR Lyrae masses from C03 HB models and CGKa,b bolometric corrections.
Discussion and final remarks
In the previous section we have presented evidence that theoretical relations based on pulsating models with Z = 0.001, collated with information on the average mass of RR Lyrae stars inferred by SHB computations, provide a pulsational route to accurate distance determinations for globular clusters with well populated horizontal branch. In particular, adopting < M(RR) >=0.67±0.02M ⊙ from SHB calculations based on C03 HB models, we derived predictions for fundamental (F) or first-overtone (FO) RR Lyrae stars in globular clusters with (B-R)/(B+V+R) ratio from ∼+0.55 to ∼ −0.45.
The comparison with RR Lyrae stars in M3 (BV data by Corwin & Carney 2001 , K data by Longmore et al. 1990 ) discloses that the pulsating models support the large value of the mixing-length parameter (l/H p =1.9-2.0) adopted in updated evolutionary computations to fit observed Red Giant Branches, even though they suggest that the value of such a parameter may increase from the blue to the red edge of the instability region. On this basis, adopting CGKa,b bolometric corrections and color-transformations, we eventually get a pulsational distance modulus DM(M3)=15.07±0.05 mag, as given by the weighted mean over the results provided by the different approaches (see Table 4 ).
In order to compare this result with the classical evolutionary route, let us go back to Fig. 10 . There, we have shown that the lower envelope of the absolute magnitudes of synthetic pulsators based on C03 HB models is at M V,le =0.55 mag. On the other hand, we show in Fig. 20 that the actual lower envelope for the M3 variables is V =15.7 mag (solid line), thus providing an evolutionary distance modulus DM=15.15 mag which is 0.08±0.05 mag longer than the pulsational value.
Before discussing such a small but equally disturbing discrepancy between the pulsational and evolutionary approach, let us mark that it does not depend on the adopted HB models, nor on the adopted bolometric correction. In fact, were the VDB models used, but maintaining CGKa,b bolometric corrections, then the average mass of RR Lyrae pulsators would be 0.65±0.02M ⊙ (point 2 in Sect. 3.1), and consequently the distance modulus based on P MC, P MA and P M K relations should be decreased by ∼ 0.02 mag, on average. On the other hand, the predicted FOBE and FRE magnitudes, at fixed period, increases by 0.03 mag (see Fig. 11 ). As a consequence, the pulsational distance modulus of M3 becomes DM=15.05±0.05 mag. Since the lower envelope of the VDB-like pulsators is at M V,le =0.58 mag (see Fig. 11 ), one derives again that the pulsational approach yields a distance modulus larger by 0.07±0.05 mag with respect to the evolutionary predictions.
As for the effects of different bolometric corrections, it is worth mentioning that there is a significant difference between CGKa,b values and those adopted in VDB models, in the sense that the former give absolute magnitudes brighter by ∼ 0.05-0.06 mag, at fixed luminosity and effective temperature. However, such a difference obviously modifies the absolute magnitudes, and then the derived distance modulus, but leaves unvaried relative values, mainly the above discrepancy between pulsational and evolutionary distance moduli.
In summary, the distance modulus of M3, as based on pulsational models and mass constrained by stellar evolution theory, ranges from 15.00 mag (VDB computations and bolometric corrections) to 15.05 mag (VDB computations and CGKa,b bolometric corrections) to 15.07 mag (C03 computations and CGKa,b bolometric corrections), all with a total error of ± 0.05 mag. It follows that recent HB computations with updated physics do yield consistent results, provided that similar bolometric corrections are used. Conversely, current uncertainty on the BC scale appears still too large, requiring some firm solutions.
Independently of the adopted BC correction, the pulsational approach would suggest that current updated HB models are over-luminous by 0.08±0.05 mag. However, a clear way to reduce the HB luminosity is offered by the diffusion of helium and metals. As shown by Cassisi et al. (1999) , if element diffusion is properly taken into account, then the luminosity of HB models at the RR Lyrae gap decreases by 0.03-0.04 mag, reducing the discrepancy between pulsational and evolutionary distances to ∼ 1σ.
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